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PREFACE

This study report contains the recults obtained to

date on the Angel Clutte" Reduction Techniques Program conducted

by the Applied Physics Laboratory, Johns Hopkins University, for

the Federal Aviation Administration under Task II of Contract
No. DOT FA-72WA-2705, issued tn 8 October 1971.

The report includes the results published during the initial

phase of effort in three interim reports (May, July, and August 1972)

and the results of an extension phase which investigated the feasibility

of applying pattern recognition techniques developed by Bendix Communi-

cations Division to reduce ASR Angel Clutter. Mr. 0. E. Mclntire of

ARO-200 was the FAA TechnicAl Representative for this effort. The

support of Mr. K. -. Coonley of ARD-200, Mr. C. Chapman and others

of the National. Aviation Facilities Experimental Center (WAFEC),

and of the FAA personnel at General Mitchell-Field, Milwaukee, is

gratefully acknowledged.

This study report is organized into two volimes. Volume-I

contains the Study Results. Chapter 1, Summary and Conclusions,

contains all significant results and a recommended course of action

leading to roalization of an operational angel clutter reduction

capability. Chapter 2 discusses the angel clutter problem, its sourcea,

and its effect on air traffic control operations. Chapter 3 identifies

differences in-ASR signal return characteristics for angels and aircraft

which were measured at Milwaukee airport during the sprint bird migration

period. Chapter 4 describes angel clu,,tter reduction techniques which

can exploit these differences in a manner which is cost effective for

ythe ASR-4, 5 and 6 radars.

Volume I contains five appendices providing a summary of

field test operations, supporting data, supporting analyses, a

discussion of pattern recognition techniques-and hardware design data

for the suggested angel clutter reduction techniques.
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CHAPT~ER 1

SUMMARY AND CONCLUSIONS

The-goa1 of-this study w;as to identify angel clutter

reduction techiiiques- vWhih vere- cost-ef fective for the existing

ASI-4, -5, - tnd 6-,radars. Cost -requirements dictate that these

techniques bi implemented- as add-on devices- which A~o not require

major radar re-design. -Effectiveness implies-that the-ASR our--

veiflatice capability be improved in angel clutter, with-particular

regard for small -general aviation- aircraf t, which -have- sinAtJ radar-

cross -section -and-okcen lack beacon- transpouLderx.

This-study identifies-a, combination-of techniques-

which-reAuce-the-adVerse effects-of angel clutter on Airport

Surveillance -Radars, -(ASR)-i cos t-ef fective- mi, ner,. Then

techniques- -were- deve1.:,pesd--by -thorough- analysis. of ASR -video -and-

track -radar data gathared- during the- Spring- 1972- -b rd- migrations-

at-Milwaukees-General Mitchell-Airport. The_ prapoaed angel clutter

reduiction (ACR)--features operate-on-the- three major differences-

obsexved-betweern angel-and aircraft-signal characterIxtics: signal

strength-,- pulse-to-pulse -amplitude -fluctuations-, -and- velociy.~

These ACR f eaturen- were chosen because- .hey -provide- -the -higheat

-level -of -effectiveness- consistent -with timely- impli~z-, .oton and-

-a reasonable-degree of radar-modification. Mreover,_it is-not

clear at -thin paint that -even- drastic -radar -re-design -c an 3-provide

a -more eoff ective -solution- -at an- -acceptably lori level, -of- -risk.
The--majo r xr ainin- -task is- -to evaluate -the- perf orm-ance

of the -recoMUMnded- ASR -modif ications operating- in-concer-t against
large concentrations-of angels in real time, This test/demonstration

-will permit -f irm- def inition- of design- -requirements- leading -to-

development of an -operational-angel clutter-rs,.iuction -system--for-

the 0-ASR readars.
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SUMMARY

1.I Study Approach

Detections of angel cJutter have been a perL itent

problem for ground-based surveillance radars which must provide

short-range surveillance. In order to achieve good long-range

zurveillance, .the Airport Surveillaince Radar (ASR) has sufficient

sensitivity to detect angel clutter out to ten to fifteen miles,

even with MT ,and seiisitivity time control (STC). It also operates

at S-band wavelenjths where- bird angel clutter is most pronounced.

Several anti-angel features have been tested with the ASR in the

past with relatively little success.

While much information 'has been published on the- general

nature of angel clutterD development of a successful angel clutter

reduction capability -for a specific radar requires knowledge of

the detailed characteristics of angel and aircraft radar -returns

n well as an understanding- of the physics of the radar/target

interaction.

To gather the needed data, an appropriate instrumentation

-system was designed and constructed, The major components of the

-Data Acquisition Module are shown in- Figure I-1. This portable

module interfaces with the ASR radar and a Track Radar Module which

has radar parameters very similar to the ASR except for antenna

beamwidth, Track radar data (target video amplitude, signal

strength via AGC data, and position) can be digitally recorded via

the DDP-516 computer for future analysis, ASR video -amplitude data

can be collected by using the track position to center a digital

data collect matrix (1,1 nmi x 70) about the target of Interest.

Thus both continuous video data from the track radar and actual

ASR video (at a four-second -scan rate) are available for detailed-

analysis. The Data Acquisition Module can also automatically track

and display all aircraft visible to the ASR (up to 255) as its majqr

3
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SUMMARY

components were derived from the AN/SYS-1 Target Information

Processing System developed by the Applied Physics Laboratory

for the Navy. The Data Acquisition-Nodule was also used to aupport

Zhe ARTS Enhancement program-under Task I of this contract (Ref. 1).

While angel clutter consists of birds, insects, and

meteorological echoes, the generally accepted opinion is that it is

predominantly due to birds. However, the source of the clutter is

not of principal concern for this problem, since the objective is

the elimination of the radar clutter responses regardless of-the

source. This effort is directed toward determination of the

characteristics of -the clutter and to devise means which exploit

the comon characteristics -to provide significant discrimination

between aircraft and angel clutter which will be effective, in

varying degrees, against all angel clutter.

Following preliminary tests with the Track Radar Module
at-NAFEC to gain experience in identifying bird angels, and a site

survey to =determine the most appropriate site, the major data

collection operation was conducted during the spring bird migrations

at Milwaukee. The data was returned to APL for analysis. Major

concentration was-placed upon processing the angel and aircraft

azimuth patterns (amplitude of radar return pulses as the antenna

scans past the target) to establish characteristic differences which

could be exploited by appropriate video processing techniques.

Techniques derived in this fashion were then simulated and evaluated

with the data collected at Milwaukee. These results, plus additional

analysis of AS. radar performance in angel- clutter situations, form

the basis for the conclusions summarized in the fAlowing sections.

1.2 The Angel Clutter Problem (Chapter 2)

Angel clutter (AP tn the air traffic control jargon)

appears on the PPI as large masses of point targets which occur at

locations in which there are no known aircraft or normally-expected

-i



SUMMARY

sources of radar clutter (land and weather returns)-. The type

and concentration of angel clutter observed at a given ASR site

depends upon geographic location, season and time of day, and to

a certain extent, upon the whims of Mother Nature. While angel

clutter is rarely a daily problem, it can have serious effect on

primary radar surveillance when present (Figure 1-2).

With the advent of ARTS III Enhancement and the enroute

automation, angel clutter may become a serious limitation to the

automatic tracking capability. Unless the angel clutter level can

be sufficiently reduced, the nmber of declared targets may exceed

the tracking capability. However, if the number can be reduced to

a tolerable level, the tracking capability of ARTS can be used to

further discriminate against angels based upon scan-to-scan properties,

such as, velocity-and trajectory.

Birds and groups of birds are a major source of angel

clutter at many ASR sites, although insects, atmospheric irregularities,

and even industrial pollution can produce returns that are classified

as AP or angels. Based upon mean bird densities estimated:for the

Unite. 3-tates, an ASR radar should -have 200,000 birds populating its

first cen miles of coverage. The maximum zeange for typical angel

clutter is on the order of 10-15 nmi.

The-present ASR features which are useful against angels

(STC/CSS,MTI, and manual gain reduction) are not adequate. Over
700 bird angels were displayed-within five miles of the Milwaukee

radar using STC, -TI, and normal radar sensitivity. While-birds

differ in velocity from aircraft, they look very much like returns

from small aircraft. The display observer therefore must contend

-with detecting aircraft in large masses of angels within 10-15

miles of the radar or operating at a lower (unknown) sensitivity at

all ranges. An automated radar tracking system, such as the Enhanced

Automated Radar Termiual System (ARTS), must be provided with

appropriate processing to reduce angel clutter reports-tc a level

that is compatible with the target tracking capability of the

system.

6
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Angel clutter, when present, can have a profound effect

on air traffic control operations involving small, non-beacon, aircraft.

In moderate angel clutter, it is usually possible to-maintain visual

track of a known aircraft as it transits the angel clutter region,

if the aircraft load is light enough-to permit adequate concentration.

Large aircraft produce wide azimuthal returns that help identify them

from angels. Detection of unknown aircraft (intruders) in -angel clutter

regions -is much more difficult; strong angel clutter can lead to a

suspension of primary radar services.

:Bird hazards to aircraft-are highest during landing and take-off,

when the-aircraft is at low altitude. Since angel clutter on the ASR

provides the basis for suitable -warning of such hazards with properly

trained observers, angel clutter reduction features must be occasionally

disabled to map angel clutter extent. Both the bird huzard problem and

-the ASR angel clutter-problem can bo helped by removing major bird

attractions (dumps and other feeding or roosting areas) away from

airports and their approaches; this has been accomplished with some

success in the past.

1.3 Angel and Aircraft Return Characteristics (Chapter 3)

The detailed characteristic& of angei and aircraft returns

were measured with the ASR and with a track radar which-had parameters

very similar to the ASR. The results are summarized below.

-Radar Cross-Section_ (RCS)

a) the long-term average RCS of tracked bird angels

at Milwaukee varied from0.005 m2 to 2 m 2 with

an average of-0.28 m2 . A Cessna 172 ranged from
2

2-25 2 on a trajectory that included crossing aspects.

b) RCS distributions from track radar data showed that

the mean and median RCS of each angel were approxi-
2

mately equal and ranged from 0.02 to 0.7 m . The

Cessna had a median RCS of 4.5 m 2(large because

8
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of crossing aspects) and the-mean was 2.4 times

larger, indicating that large upward fluctuations

in RCS are more likely for aircraft. The Cessna

exceeded 1 m2 about 80% of the time, while the

largest angel exceeded 1 m2 only 6% of the time.

c) RCS distributions from ASR video (including antenna

scan modulations) showed the same mean/median ratio

factor of 2.5 between birds and the Cessna. The

distributions resembled the exponential distribution

for the Cessna and fell between the exponential and

Rayleigh distributions for angels, implying that

the angels consisted of many more individual radar

-scatterers than the Cessna. Angels with large

cross sections should therefore be more Rayleigh-like

-because they contain more birds. Using these

models,-an aircraft detection probability of 80%

with a 95% angel rejection probability requires

that the target RCS be 23 dB larger than an angel

, containing a few birds and 18 dB larger than an angel

containing many b!rds and therefore having a larger RCS.

d) Azimuth autocorrelation functions of ASR video

showed much faster decorrelation in azimuth for

the bird angels (01180 versus 0,60 for the aircraft)

indicating that dtscrimination based on azimuth pattern

fluctuations should be effective.

'Rane Attenuation Rate

Analog video recordings of ASR video indicated that

sagel clutter had the R- 4 range/power relationship normally ascribed

to point targets, indicating that an R"4 STC characteristic (like

CSS-1) is appropriate for reducing angel clutter to an approximately

constant value with range,

9
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Spatial Distribution Characteristics

a) The maximum height of the majority of angels at

Milwaukee was 5000-6000 feet.

b) No angel returns were observed which substantially

exceeded-one radar resolution cell (410 feet by 1.5*).

c) Very few angel detections occurred beyond 10-15 nmi.

Mean angel target densities vary widely; up to 700

detections were counted in the first five miles at

Milwaukee with STC and MTI processing. Angel

densities decrease with range due to radar detection

capability;- observed densLties ranged from 4-16
2angelsfnmi ii the 0-2 nmi range interval to 0.03-0.4
2angels/nmi in the 6-8-nmi range interval. The

majority of radar resolution cells (95% or more) within

the angel clutter region are free of angels.

d)- Six dB of video attenuation reduced the number of

MTI angel detections in the first 10 miles at Mil-

waukee by a factor of two (670 to 325).

Velocity and-Trajector Characteristics

a) Milwaukee bird angel tracks had ground speeds of

10 to 59 knots, which is representative of most bird

angels.

b) Trajectories and choice of altitude were influenced

but not totally determined by wind conditions at

the various altitudes.

c) During migration periods, the headings of most angels

are approximately the same.

d)- In multiple-scan photographs (for example, see Appendix A,

Figure A-5) aircraft can be recognized by the longer

trails they produce, so that a multi-scan PPI display

will provide angel/aircraft velocity discrimination

if input angel densities are not excessively high.

10
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t Azimuth Pattern Characteristics

Azimuth patterns of angel and aircraft ASR returns were

investigated in terms of Azimuth Correlation Intervals (ACT,

groups of successive return pulses that exceed a threshold) and

in terms of the performance of several Azimuth Pattern Processors

designed to take advantage of differences noted through ACI

analyses. The Azimuth Pattern Processors were implemented off-line

in adigital computer. Input data-was that collected with the ASR

data collect matrix at Milwaukee; returned video amplitude was

collected-on every other radar pulse period for a total of 37

samples in azimuth. All angel data was for MT1 video; aircraft

data included both normal and MTl. Results were as follows:

a) The aircraft produced longer ACI lengths (number

of consecutive samples above threshold) than angels;

-this-difference was much less pronounced-when only

-MTI aircraft tracks were considered.

b) The aircraft produced fewer numbers of ACI (groups

of consecutive samples above threshold) than angels;F this difference vas maintained for both MTI and-

-normal video aircraft data.

c Figure 1-3 shows mean number of ACI versus mean ACI

for ea:h angel and aircraft analyzed, showing the

potential of each as well as both measures for

-separating angels and aircraft.

d) Fuctuaticns in angel azimuth pattern tend to be

less violent than for aircraft; aircraft patterns

tend to fluctuate completely to zero while angels

tend to fluctuate-by a much smaller percentage of

the mean amplitude. Thts result is consistent with

previous findings that angels contain more individual

scatterers -than aircraft,

l 1)
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L Azimuth Pattern Processing.Results

To explcit the differences in angel and aircraft

azimuth patterns, it is necessary to develop practical techniques

for processing the data. The digitized ASR azimuth pattern data

collected at-Milwaukee was processed with digital computer algori-

thms representing numerous detection schemes. The results of the
five most promising schemes are shown in Figure 1-4 in terms of

probability of detecting aircraft P(D/AC) and probability-of rejecting

angels P(R/AN) for all Milwaukee tracks. This performance curve

is indicative of the best trade-offs between aircraft-detection

and angel rejection that can be achieved by varying the-parameters

(thresholds, etc.) of each-processor. The shaded region denotes

the region of degradation, i.e., the region where the unaided ASR

could perform, better than the processor. The ideal situation-of

P(D/AC) = I and P(R/AN) -1I is unattainable because angels and

aircraft are sufficiently similar that some mistakes are always

made by the processor. Performance is essentially proportional to

the complexity of the processors (Table I), and the results can be

summarized as follows:

-a) The M!MAzimuth Correlator is the simplest

processor and operates on ACI length; an aircraft

was declared if 2/2 or 3/3 of the alternate-pulse

samples exceeded the threshold. Only modest angel

clutter rejection 4%)- 4s obtained before aircraft

detection-probability drops below 80%. However,

the simplicity of this processor (it is essentially

a binary video integrator) and its ability to

provide an aircraft/angel decision rather rapidly

(after 2 to 5 pulses are received) make it very

attractive. Analog tapes of Milwaukee ASR XiT

13
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P,.IATTI RN Ar.)QNZ. W AMPLITIUflFS. ONEHy EMPLANE

_X. DUAL THRIESHOLD. '7 SAMPLES

L j.m .. t- THRESHOLo Ia SAMpLIES

-14 M AZ IMUTH-CORRILATOR (M ZZ3)

P(D/AC)

%
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FIGURE 1-4 RELATIVE PERFORMANCE-OF AZIMUTH PATTERN

PROCESSORS

NOTE: The parameter varied for pattern recognizers was hyperplane orientation,
for the dual threshold it was the threshold levels and for the azimuth
correlator it was also an adjustable threshold.
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TABLE -I

ANGEL CLUTTER REJECTION-OF AZIMUTH PATTERN PROCESSORS-

P(D/AC)

_ _ _ _ _ _ _- 018 0.9 0.95

attern Recognizers

I 36-Cobined Features, 4 HIyperplane- _-82% 73% 64%

II 20-Amplitudes, One IHyperplane '75 59 45

D ual Thresholds

I 137-Alternate-Dwells :70 54 20

11 10 Samples/37-Alternate-Dwells 46 26 12

zAimuth Correlator

m/m 2/2 or 3/3 -55 13 4


